Context: Patients never declared brain dead may represent an additional source of donor organs. Objective: To determine the number of likely brain dead potential donors who are never declared brain dead and to compare them with brain dead and donation after cardiac death potential organ donors. Design, Setting, and Participants: This study was a retrospective chart review of all catastrophically brain-injured patients referred to a single-organ procurement organization (OPO) over a 4-year period. This study identified 159 likely brain dead potential organ donors, 902 brain dead potential organ donors, and 357 potential donation after circulatory death donors over a 4-year period. Interventions: None. Main Outcome Measures: This study did not predetermine outcome measures before data collection because the study group, likely brain dead potential organ donors, had not previously been described. Results: Likely brain dead potential donors were significantly older than brain dead potential donors (P < .0001) but were otherwise not different demographically. They were more likely to be a late referral to the OPO (P < .0001) and less likely to be in the donor registry (P < .0001). The most commonly identified factors associated with a failure to declare brain death were an unwillingness to continue supportive care by the family, premention of donation, a nontimely imminent death referral, known prior objection to donation, terminal instability, and a lack of cooperation with the OPO.
Introduction
In 2015, for the first time in the history of organ transplantation in the United States, the number of organ transplants exceeded 30 000 in 1 year. Notable contributions to this success include improved authorization rates in minority communities, increased utilization of donation after circulatory death (DCD) donors, and an overall increase in the number of deceased donors. 1 However, despite increases in the number of organ transplants, the gap between the number of available organs and the number of people waiting for organs continues to widen. 2 The Organ Donation Breakthrough Collaboratives conducted from 2004 to 2007 resulted in significant increases in the number of recovered deceased organ donors over a relatively short period. These gains have since leveled off and the number of deceased donors is expected to increase at a rate of less than 1% per year through 2020. 3 Stabilization of the deceased donor pool mandates a reevaluation of the current donor pool for missed donation opportunities. This includes improving authorization rates for brain dead and DCD donors and looking for missed opportunities for organ donation. Potential sources of donor organs not previously described include individuals with catastrophic brain injury who appear to be brain dead but are never declared as such, and therefore never become eligible for brain dead organ donation.
This study examines the never declared brain dead potential donor population within the donor service area of midwest transplant network (MTN), an organ procurement organization (OPO) located in Westwood, Kansas. We retrospectively reviewed all individuals with catastrophic brain injury from 2012 through 2015, who were referred to MTN, and who were declared brain dead or who appeared to have met brain death criteria but were not declared brain dead. Additional potential donors who were never referred to MTN were identified on hospital chart review and if believed to be brain dead were included in the study. We sought to describe the characteristics of this population of potential donors and factors affecting the decision to forego brain death determination.
Methods
The study was submitted to the institutional review board of the University of Missouri, Columbia, for approval and was determined to be exempt since all participants were deceased and no personally identifiable information was included.
Study Design
This study included retrospective chart review of all catastrophically brain-injured patients referred to MTN from 2012 through 2015. Patients are referred to MTN upon meeting predefined clinical triggers for imminent death referral (IDR) due to catastrophic brain injury. Staff routinely reviews the charts of patients at hospitals within their service area to determine whether any IDRs were missed. From this review, potential donors were categorized as brain dead, likely brain dead but never declared, or likely brain dead but never referred.
Patients who met criteria for brain death were determined to be brain dead based on clinical criteria as well as an apnea test. Ancillary tests such as electroencephalogram and nuclear cerebral flow studies were carried out on some patients. Clinical testing for neurological death was repeated after a discrete time interval in some but not all patients.
Patients were considered likely brain dead if their medical record included evidence of neurologic testing with no recorded positive neurologic reflexes. Neurologic testing may not have been complete and an apnea test was typically not done. If an ancillary test was completed, it had to be supportive of the diagnosis of brain death. The majority of patients were observed for respiratory effort after extubation. If respiratory effort was noted, the patient was excluded from further review.
Data Collection
TrueNorth, a proprietary database of donor activity, was used to abstract data on never declared potential donors as well as brain dead potential donors. The never declared potential donor group was further analyzed for all factors contributing to a lack of brain death determination by reviewing journal entries made by the organ procurement coordinator following identification of the potential donor. It is reasonable to believe that the never declared potential donor group would have also been considered for DCD donation, so this group was also compared demographically with all potential DCD donors during the same period. In addition, potential DCD donors for whom authorization was declined were analyzed for factors that may have contributed to a decline.
Data collected on each participant included age, gender, race, hospital length of stay, donor registry status, premention of donation by non-OPO personnel, timeliness of referral, and donor authorization status. Time of approach for authorization was also noted for never declared potential donors and brain dead potential donors. A referral was considered late if it did not occur within 60 minutes of meeting predefined criteria for catastrophic brain injury. Factors that might have contributed to a lack of brain death declaration or a failure to obtain authorization in potential DCD donors were individually abstracted by 1 reviewer (P.W.) to maintain consistency of data acquisition. Data were collected by reviewing information from journal entries in TrueNorth for issues known to be detrimental to the authorization process.
Data Analysis
Continuous variables were analyzed with an independent t test for comparison of means. Categorical data were analyzed using a w 2 test for independence of variables. The data analysis for this article was generated using SAS software version 9.4 (SAS Institute, Inc, Cary, North Carolina).
Results

Comparative Data
There were 159 never declared potential donors for the years 2012 through 2015. This group included 43 patients who were not approached for authorization. The donor coordinator was prevented from talking with some families and some patients were never referred to MTN in the not approached group. During the same period, 902 brain dead potential donors were identified. The never declared potential donor group represented 15.0% of all potential brain dead donors. Characteristics of the 2 groups are described in Table 1 . The average age of the never declared potential donor group was 52.5 (standard deviation [SD] 20.8) years versus 42.8 (SD 19.7) years in the brain dead potential donor group, P < .0001. Minority status and patient gender were not statistically different between the groups. Patients who were in the donor registry were significantly more likely to go on to be declared brain dead, 38.1% versus 14.4%, P < .0001. No differences were noted between the 2 study groups in the time of day that the request for authorization was made by the OPO, and there was no difference in the hospital length of stay between the 2 groups. A late immediate death referral occurred with 30.2% of never declared potential donors and with 17.7% of brain dead potential donors, P < .0001.
Premention of donation by non-OPO personnel occurred with 27.7% of the never declared potential donor group and 25.2% of the brain dead potential donor group, not significant. Although the premention of donation did not have a significant impact on whether a potential donor would go on to be declared brain dead, it did have a significant impact on whether authorization would be obtained for donation. The never declared potential donors were considered declines for authorization and were grouped with all of the declines for brain dead donation. The declines, as a whole, were compared to the authorized brain dead potential donor group. Premention of organ donation occurred with 32.3% of all declines but only 22.4% of all authorizations for donation, P < .0005.
The total number of potential DCD donors was 357 during the 4-year period. There was an 81.2% authorization rate for DCD donation and 57.1% conversion rate. Overall, the characteristics of the DCD group were dissimilar to the never declared potential donor group. The DCD group was significantly younger, more likely to be Caucasian, more likely to be in the donor registry, had a longer length of stay, and were less likely to be a late IDR. See Table 2 for comparisons of the never declared potential brain dead donor group versus the DCD potential donor group.
Descriptive Data
The factors associated with a failure to complete brain death declaration could be categorized in 1 of 4 ways, factors involving the patient, the family, the health-care provider, or the health-care system. For each never declared potential donor, an average of 2.48 factors was recorded. See Table 3 for a display of the frequency of events. Factors that occurred with the greatest frequency were family unwilling to wait longer, late IDR, MTN not on-site or approach made by phone, premention of donation, known prior objection, terminal instability, and health-care provider uncooperative with MTN.
Authorization was declined for 69 potential DCD donors. Factors associated with failure to obtain authorization for DCD donation averaged 1.54 per potential donor and are summarized in Table 4 . The most frequently occurring factors were unwillingness to wait longer, family declined authorization, known prior objection, and the organ donor officer from MTN not on-site or phone approach only.
Discussion
As the gap between available organs and the number of patients on the wait list continues to widen, it is imperative that every opportunity for donation be maximized. This study provides important information about a group of patients with potential for organ donation not previously described in the literature.
Comparative Data
In this study, we compared the never declared potential donor group with the brain dead potential donor group across several parameters. For age, race, and gender, the only difference we found was for age, which was significantly higher. The age of never declared potential donors ranged from <1 to 80 years with 43% aged 60 years or older. In the brain dead potential donor group, only 22% were aged 60 years or older. Donor age 60 or older affects the risk of renal allograft failure and recipient survival following liver transplant, and donor age must be considered when determining the suitability of organ donation with this group. 4 We speculated that the time of approach of request for authorization of donation might have played a role in the failure to declare brain death. The majority of requests for authorization occurred between 6 am and 6 pm and was not statistically different between the groups. Although it was perceived that sudden decisions to withdraw life-sustaining treatment frequently occurred at night, when examined further only 33.3% of families made the decision to end treatment between 6 pm and 6 am. We also speculated that length of stay of the never declared potential donor group might have been shorter due to early deterioration of some patients or sudden decisions to limit care; however, we found no statistical difference in the length of stay between the groups.
Because the never declared potential donor group had not been declared brain dead, we speculated that this group might have been considered for DCD donation. However, when we compared them to potential DCD donors, we found them to be dissimilar in most respects. The DCD group was significantly more likely to be Caucasian, to be younger, to have a greater length of stay, and to be in the donor registry. That the DCD group would be younger than the never declared potential donor group is not surprising, given a preference to avoid perceived marginal donors in the DCD group and a typical age limit of 60 years for DCD donation.
Descriptive Data
We identified a number of factors that we believe may have influenced a decision to forego complete brain death testing. Seeking authorization for organ donation is a complex process that involves a series of interconnected events involving the patient, the family, the health-care team, and the health-care and OPO systems. Interventions to mitigate circumstances that lead to failure to make a brain death declaration and obtain authorization for donation must take into account the complexity of the process.
Patient factors. There were only 2 patient factors identified: known prior objection to organ donation and terminal instability. When it is known that the patient would not want organ donation, no further attempt is made to pursue authorization for donation. The 1 patient factor amenable to intervention is terminal instability of the potential donor. Although some patients with terminal instability died quickly after presentation, most deteriorated late in the course of care. In many instances, these patients had sufficient early stability to allow for a partial neurologic examination. Terminal instability can be prevented with careful attention to physiologic derangements common with brain death. Catastrophic brain injury guidelines have been developed to guide the management of potential organ donors and are similar to guidelines for the treatment of traumatic brain injury. 5, 6 These guidelines have been associated with improvements in hemodynamic stability of organ donors and may have the additional benefit of improved neurologic outcome in patients who do not regress to brain death. 7, 8 The organ procurement staff can encourage the use of catastrophic brain injury guidelines at donor hospitals in hopes of preventing the loss of the potential donor.
Family factors. Family factors encompassed a variety of issues but primarily focused on sudden decisions to end treatment, unwillingness to pursue brain death testing because the wishes of the patient were unknown, or simply a decision to decline authorization for donation. The decision to decline authorization was noted when no other factors were identified as likely to have affected the decision to forego brain death declaration. These declines, however, were in the context of a request for authorization being made before brain death declaration and therefore were not ideal. Family decisions to transition from life-sustaining treatment to comfort measures or an unwillingness to prolong treatment represented the most common family factor associated with failure to declare brain death. Often these decisions were made when neither the treating physician nor the OPO was on-site. Complicating the process for many families was the refusal of the physician to return to the hospital or to pursue brain death testing unless the family authorized donation. Lack of family support is often cited as a reason why families decline the opportunity of organ donation. 9 Without a clear understanding of the plan of care, families may make decisions based on limited information. Setting a time line for families that emphasizes initial therapeutic measures followed by intervals of reassessment and then decision-making may help families process information more completely. Some families will still make sudden decisions to discontinue further treatment, and the hospital staff must be trained by the OPO staff to discuss end-of-life processes and final decisions to be made. This gives the OPO staff the opportunity to respond on-site and provide the family with information to make informed decisions regarding the possibility of organ donation.
Health-care provider factors. Health-care provider factors associated with the failure to declare brain death ranged from inappropriate mentions of organ donation prior to brain death testing to a lack of cooperation with the OPO. In addition, some physicians expressed concern about how to perform brain death testing or who should perform brain death testing. Although most physicians and nurses were collaborative in their interactions with the OPO, some were not, and at times refused to allow the OPO to discuss donation with families.
Noncollaborative interactions frequently prevented the implementation of an effective request process. The Organ Procurement and Transplantation Network defines an effective request process as "a process developed collaboratively between the hospital and the OPO that culminates in the request to the family using tested and proven methodology." 10 Elements of an effective request at MTN include a timely IDR, a declaration of brain death prior to any mention of donation, and the occurrence of an opportunity to meet with members of the team caring for the family before a request is made. Although a premention of donation prior to the declaration of brain death did not result in fewer formal declarations of brain death, a premention of donation was associated with a lower authorization rate in patients who were declared brain dead. Lenzi and colleagues documented the detrimental effect of untrained requestors in achieving authorization for organ donation, corroborating our findings.
11
When MTN tracked the outcome of meeting all of the criteria for an effective request process, we found that when all criteria are met there is a much higher rate of authorization for donation, 79% versus 55%. Working with donor hospitals to establish and follow an effective request process is crucial to ensuring donation opportunities are maximized.
Health-care system factors. Health-care system factors primarily centered on late referral and MTN not being on-site at the time a decision was made to forego further treatment, resulting in an approach for authorization by phone. The Centers for Medicare and Medicaid Services Conditions of Participation require that all hospitals maintain written agreements with their local OPO regarding timely IDR as well as designated requestors. 12 Late referrals prevented the MTN procurement coordinator from being on-site and having an in-person conversation with a family about donation. The OPOs can track these events and bring them to the attention of hospital administrators in order to improve compliance. In addition, a hospital's failure to provide effective donation opportunities to families does the family a disservice, depriving them of the potential benefits derived from the act of saving a life through donation. 13 Many other factors contributed to a failure to declare brain death although they were not as frequently represented as the factors previously described. Some factors, such as being unaware of registry status at the time of death, should never happen. Many of the factors taken as a whole reflect a lack of understanding of donation processes and reflect underlying attitudes toward donation that prevent a successful approach for authorization. Working with hospital staff to provide education and support typically falls under the purview of hospital development at the OPO. Frequent personnel changes in the intensive care unit setting create an environment for loss of information transfer so that education must be a continuous process for donor hospitals. Most donor service areas have a large number of donor hospitals with wide variations in the ability to manage the donation process. Knowing where to concentrate hospital development resources can be challenging. Siminoff and colleagues developed an assessment tool for evaluating the strengths and weaknesses of donor hospitals and documented its utility in a national follow-up study. 14, 15 Information from this assessment tool can be used to target interventions to donor hospitals with the greatest barriers to donation, thus conserving resources.
Although the group of never declared potential donors might have been candidates for DCD donation, this seems unlikely given the marked differences in the groups. The never declared potential donor group included 43%, who by age, would have been excluded from DCD donation. The DCD group had significantly longer lengths of stay, suggesting that progression of neurologic deterioration was slow and incomplete.
Many of the factors associated with decline for authorization in the DCD group centered on family and patient choices. Many patients had expressed prior objection to donation or their wishes were unknown to family members. What was markedly different between the 2 groups was the incidence of noncollaborative behavior of the hospital staff with the OPO. There were 105 instances of noncollaborative behavior in the 159 never declared potential donors, but only 11 instances in 69 declined potential DCD donors.
Although we provide new insight into the issue of never declared potential donors, we recognize that this study has limitations. We described factors that we believe may have contributed to a failure to declare brain death, even though we cannot know the degree to which these factors affected individual cases or the relative importance of a factor to the outcome. We also did not directly compare the presence of these factors with the brain dead potential donor cases. This would have been difficult, given that the majority of brain dead potential donors went on to be actual donors and in these cases the journal portion of TrueNorth tended to focus on the positive aspects of authorization rather than the problematic themes that might have been present. A more robust analysis of these issues would require codifying these factors into TrueNorth so that this information could be recorded for all potential donors. Understanding the differences between the never declared potential donor group and those that were converted into donors would have provided more information but would have been difficult to abstract from the available data.
Although it is impossible to know how many additional organs could be recovered from the never declared potential donor group, an estimate can be made based on study data and MTN's historical rate for organs transplanted per donor for brain dead donors, which is currently 3.53 organs per donor. If authorization rates for the never declared potential donor group are considered similar to the 80.3% authorization rate for brain dead donors at MTN for the past 4 years, then it is possible that the never declared potential donor group would yield an additional 113 organs recovered and transplanted per year, assuming the best possible outcomes. A lower yield is more likely given the difference in demographics of each group and the suitability of organs for transplant. Further extrapolation of data to the national level is not advisable, given the significant variation in donor volume, organ procurement practices, and authorization rates for each OPO.
This study describes a group of likely brain dead potential organ donors and the circumstances surrounding the failure to complete brain death testing. This information can be used to generate interventions that may help preserve the option of donation for families. Faced with a static donor pool for the next several years, it is increasingly important to find opportunities for donation among the population of patients currently eligible for organ donation.
